The rapid development of information technologies and their penetration into various spheres of human activity cause a sharply increased demand for IT specialists, in many countries of the world far exceeding the supply on them. High rates of technological transformation contribute to the diversification of the IT segment of the labor market, on the one hand, stimulate the disappearance of some and the emergence of new IT specialties, on the other. This creates a discrepancy between the structure of IT-related education and the labor market demand for IT specialists of the required profile and determines the relevance of developing methods for assessing the demand for IT specialties.
Introduction
Currently, the special role of information technology (IT) in the development of both the global and national economies, stimulating the growth of productivity, competitiveness and innovation potential of industries and enterprises is beyond doubt. Large-scale digitalization and the transformation of information into a global resource have led to a sharply increased demand for IT professionals in the labor market, which in many countries around the world now far exceeds the supply for them. So, according to [1] [2] [3] in Europe, the demand for IT specialists is growing by about 3-4 % annually and is ahead of their supply. According to experts, the number of IT vacancies by 2025 may increase from 750 thousand to 1 million compared to 274 thousand in 2013. The shortage of IT specialists observed in almost all EU countries occurs against the background of a reduction in the number of people receiving the highest IT profile in Europe, as well as engineering and science education. Probably many of these potential vacancies will remain unfilled if measures are not taken to attract young people to IT education, retraining, on the one hand, to systematically update the structure of the IT professions and specialties, and accordingly, training programs, on the other hand. Growth in demand for IT professionals and their insufficient supply are also observed in such developed countries as the USA and Canada [4] [5] [6] . The CIS countries, including Azerbaijan, which are actively integrating into the global information society, also faced the problem of mismatch of supply and demand for IT specialists [7] [8] [9] .
Analysis of the demand in the IT segment of the labor market in Azerbaijan, the calculation of the total number of IT specialists and their supply by the IT profile education system, as well as the number of IT specialists required to cover replacement, revealed a significant imbalance of these indicators [10] [11] [12] . The shortage of IT specialists is mainly covered by the influx into the IT industry of workers whose basic specialization does not coincide with the professional structure of their position (for example, representatives of professions that are potentially close to IT or are completely unrelated to IT work as an IT specialist this industry).
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Original Research Article: full paper Technological transformation of the IT sphere requires continuous updating of the professional knowledge and skills (competencies) of IT specialists. The opening of new jobs demanded by the digital economy, the expansion of digital labor markets and the growing number of virtual organizations determine the need for IT professionals with new professional competencies [13] . This causes the disappearance of some IT professions and specializations due to the obsolescence of a number of professional competencies and the emergence of others. However, the inert education system does not have time to respond to rapid technological changes in a timely manner, continuing to produce IT specialists, whose professional knowledge and skills do not correlate well with current and future labor market needs. At the same time, the IT industry has to constantly adapt to their rapidly changing requirements in order to maintain competitiveness in the global, national and local markets. All this contributes to the increasing mismatch between the IT-specific education system and the labor market and leads to a situation where, for a number of new IT specialties demanded in the labor market, not one university in the country trains specialists.
Today, the problem of identifying the structure and needs of the labor market in the context of professions and specialties is one of the most relevant and insufficiently studied in many countries, including Azerbaijan. It is not by chance that the issues of identifying supply and demand for various professions and specialties, reorienting the education system to the needs of the labor market in the country as priorities are reflected in a number of political documents [14] [15] [16] [17] . They prioritized the need to solve such important tasks as identifying supply and demand for various professions and specialties; improving the training of personnel competitive in the labor market; reorientation of the education system to the needs of the labor market, i.e. on employers 'requirements for graduates' knowledge and skills, etc. In this context, the study of the structure of IT specialties from the standpoint of their relevance in the labor market is a rather important task.
Approaches to demand assessment in the IT segment of the labor market in the context of IT occupations and specialties
The aim of this article is development of methods for demand (necessaty) assessment for IT professions and specialties, which allow identifying the degree of demand for labor in the labor market, ranking them in order of increasing (decreasing) significance, determining the level of structural imbalance of supply and demand in the IT market segment labor.
Problem statement. There are a predetermined number of IT professions and specialties identified by examining the structure of the IT segment of the labor market. It is required to assess the need for IT specialties and their ranking (streamlining) from the most promising to low demand from the positions of demand in the labor market. Let's note that the ordering of the list of specialties takes into account the demand for a particular IT specialty as a whole, and not the likelihood of employment of each IT specialist.
The problem of assessing and selecting the most demanded IT labor specialties in the labor market falls under the category of weakly structured tasks that traditionally boil down to making decisions with fuzzy initial information [18, 19] . This is due to the "soft" nature of the labor market itself as an object of management, as well as the formation of demand and supply for IT professions and specialties under the influence of a variety of uncertainties -incompleteness, inaccuracy, ambiguity of data. The lack of complete statistical information about the demand and supply of IT specialties, the difficulty of acquiring reliable information about the labor market status of IT specialists, the ambiguity of the system of indicators characterizing demand and supply, their quantitative and qualitative nature, high dynamism of the IT industry lead to an increase in the uncertainty of the initial information and reduce the effectiveness of management decisions made by traditional methods [20] .
The task of demand assessment for IT specialties as weakly structured is in selection of the most demanded from a variety of IT specialties and is based on using the preferences of experts or decision makers. Experts are involved in the process of evaluating IT specialties (alternatives) for a set of attributes that form the degree of demand for a specialty in the market, and express preference relations for each of them, and the task of assessing the need for IT specialties can be reduced to streamlining alternatives with fuzzy initial information [18] .
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To assess the demand for IT specialties and their ordering according to the degree of demand in the IT segment of the labor market, methods of fuzzy multi-criteria adoption of individual and group expert decisions on the selection of priority IT specialties based on a fuzzy relational knowledge representation model have been proposed [21] . The practical implementation of methods for assessing the need for IT specialties was carried out on the basis of the list of the latter, formed during the study.
The method of fuzzy multi-criteria adoption of individual expert decisions on the choice of priority IT specialties
Let's there are many IT specialties that are subject to assessment and ranking in terms of their relevance in the labor market. Formally, this set can be described as a set of alternatives
The task of assessing the need for IT specialties with the greatest demand in the labor market is reduced to the task of choosing the best alternatives among the many assessed, taking into account the attitude of preferences of an individual expert.
The degree of satisfaction of the set of alternatives X to the criteria K
where j k µ (x i ) expresses the satisfaction degree of the alternative x i by criterion k j . The choice of the best (non-dominated) alternative is reduced to a multicriteria problem of fuzzy mathematical programming, for the solution of which the Generalized Bellman-Zadeh approach [18, 22] is applicable. Moreover, the degree of belonging of alternatives to a fuzzy solution of the problem is equal to the minimum of these digits for all the criteria
As the best (effective) alternative is selected x * , which has the highest value of the membership function:
This means that the IT specialty corresponding to this alternative is most in demand in the labor market.
In accordance with the values of the membership functions, expressing the degree of satisfaction of alternatives to the criteria, IT specializations are streamlined according to the degree of their demand in the labor market.
The method of fuzzy multi-criteria group decision making on the choice of priority IT specialties
In this case, the task of assessing the demand for IT specialties is reduced to the problem of choosing among the many evaluated alternatives the best, taking into account the relations of prefer-
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Original Research Article: full paper ences of several experts. The satisfaction degree of the set of alternatives Х to the set of criteria K is determined by the set of membership functions [ ]
Set of experts G is formed by the decision maker, who is guided by his own opinion on the level of their competence. For each of the experts g®G, a fuzzy preference relation is defined on the set of alternatives X, i. e. membership function of the form y: X×X×G®[0,1]. Naturally, in the process of multi-criteria evaluation of alternatives, experts proceed from their own preference relations. The value y(x i , x j , g) is interpreted as the degree of preference of the alternative x i to the alternative x j , through the prism of the preferences of the expert g and is determined as follows:
Using the expression (5) of each expert, a matrix of unclear preference relations of alternatives is determined.
On the other hand, the decision maker unequally evaluates the competence of experts invited by them to assess alternatives. This factor is reflected by the coefficient of competence of experts: g(g)®[0,1], taking into account which from the expression [ ]
by n: G×G®[0,1] is determined -fuzzy relation of expert competence. The value ( ) 1 2 , v g g is understood as the degree to which, in the opinion of the decision maker, the expert 1 g is more competent than the expert 2 .
g After this, the problem reduces to a rational choice of alternatives from the set X, taking into account the information described above. According to [22] , y n.d. (x i , g) -defined as a fuzzy subset of non-dominated alternatives, corresponding to a fuzzy preference relation y(x i , x j , g)) with fixed gÎG:
The alternatives that give the largest possible value of the membership function y n.d. (x i , g) on the set X coincide with the individual solution of the g-th expert.
Further, the fuzzy relation ( ) 1 2 , v g g is generalized to the class of fuzzy subsets of the set G. The induced (generalized) fuzzy relation on the set X is defined as follows:
. , sup min , , , , , .
This fuzzy preference relation is the result of a "convolution" of a family of fuzzy relations y(x i , x j , g) into a single resulting fuzzy preference relation, taking into account information about the competence of experts in a given subject area.
Original Research Article: full paper Induced preference relations on the set X make it possible to proceed to the problem of choosing alternatives with a single preference relation by defining the corresponding set of non-dominated alternatives.
Finally, from the expression
the corrected fuzzy set of non-dominated alternatives is determined and an alternative is chosen that delivers the maximum of the h n.d. (x) function
which is the most effective alternative. The selected alternative is the resulting group choice decision and coincides with one of the individual decisions.
An empirical experiment on the fuzzy assessment of the demand for IT specialties
For the practical implementation of the task of assessing the demand for IT professions and specialties used: a list of IT professions and specialties, based on the results of monitoring the IT segment of the labor market [9, 20] ; data on IT professions and specialties, which are taught in the education system of Azerbaijan; codifier of professions and specialties ISCO-08; statistics from the State Employment Service; vacancy announcements in open Internet resources; employers' applications for filling vacancies on the websites of recruitment agencies. As a result, the entire list of IT specialties is combined into 14 integrated groups of IT specialties.
Great importance has the formation of the selection criteria for evaluating the latter for comparison of IT specialties (alternatives). These criteria, on the one hand, should characterize IT specialties from the standpoint of the ratio of supply and demand in the market, on the other hand, should allow them to be ranked, i. e. ordering in ascending or descending order. In this case, the criteria characterizing the alternatives can be both quantitative (for example, wages for the specialty being assessed) and qualitative (for example, the imbalance of supply and demand).
For selection of criteria and scales for assessing priority IT specialties, discussions were held with leading experts-experts of the Institute of Information Technologies of the National Academy of Sciences of Azerbaijan (IIT ANAS), the Ministry of Education, IT industry and a list of the latter was compiled. As criteria applied to the assessment of IT specialties, the following are highlighted:
1. The degree of priority of the IT specialty, both in the context of the industry, and in other sectors of the economy (k 1 ).
2. The imbalance of supply and demand in the context of IT specialties (k 2 ). 3. Wages in the assessed IT specialty (k 3 ). 4. The demand for the assessed IT specialties from the position of employment (IT specialists with a certain specialization are required to fill the declared vacancies) (k 4 ).
5. Proposal for the assessed IT specialties from the position of employment (IT specialists with a specific specialization applying for the stated vacancies) (k 5 ).
The procedure for assessing and streamlining alternatives (IT specialties) is as follows: experts are provided with a full list of alternatives to be assessed, as well as criteria, their terms (fuzzy grading scales) and the range of the latter. The task of the experts is in assessing each IT specialty on a set of criteria. When assigning the membership function for each criterion, on
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the criteria scale is used, which, regardless of the nature of the latter (qualitative or quantitative), determines their values in the interval [0,1]. Fuzzy assessment of criteria has convenient and understandable for experts qualitative gradations and their fuzzy correspondences, which take on the value from the area (range) of changes in terms ( Table 1) . Table 1 The membership functions of fuzzy sets of verbal gradations of the linguistic variable "imbalance of supply and demand for IT specialties
The name of the criterion (linguistic variable)
Terms -fuzzy estimates of the linguistic variable gradations "imbalance of supply and demand for IT specialties"
Range of change of membership functions
Imbalance of supply and demand for IT specialties Taking into account the cumbersome fuzzy logic calculations for the full set of alternatives, the following is a practical implementation of the group decision-making method for their evaluation and ranking using a small dimension as an example.
Let X={T 1 , T 2 , T 3 , T 4 , T 5 , T 6 } -a given set of alternatives -IT professions and specialties. K={k 1 , k 2 , k 3 , k 4 , k 5 } -criteria by which the alternatives are assessed. In this case, the following were selected as IT occupations and specialties: T 1 -programmer, T 2 -system analyst, T 3 -information security specialist, T 4 -database administrator, T 5 -IT researcher, T 6 -network engineer.
The selection process involves 3 experts. The coefficients of expert competence in accordance with the preferences of the decision maker are expressed in the following values:
Tables 2-4 present the results of logical calculations of the degrees of satisfaction of a set of alternatives to a set of criteria according to the estimates of each of the three experts. are the most effective solutions (popular IT specialties). In this case, the most effective solutions according to the estimates of the first expert G 1 are the alternative T 4 , according to the estimates of the second expert G 2 -alternatives T 1 and T 3 , according to the estimates of the third expert G 3alternative T 5 .
On the basis of formula (5), a comparison of alternatives is carried out, the results of which for each of the experts are described by the matrices of the non-strict preference, presented in Tables 5-7. 
